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▼The technique of inverse PCR (IPCR) (Ref. 1) allows the
rapid isolation and sequencing of YAC insert ends with-
out time-consuming cloning steps. This ability to isolate
end-specific probes is one of the critical aspects of carry-
ing out walking experiments with YACs and enables the
construction of YAC contigs. In the course of our research,
endprobes from 8 YACs of a tomato YAC library (Ref. 2)
were isolated to be used as RFLP markers and PCR mark-
ers for constructing contigs. Southern blots of total yeast
DNA from the YAC clones using several different restric-
tion enzymes indicated that for 20% of these ends, the pre-
dicted PCR products would be <100 bp or >2000 bp in
size (DNA fragments >I00 bp are suitable as RFLP markers,
and 2000 bp is the maximum size we ever obtained with
conventional IPCR).
As the chance occurrence of a suitable restriction site near
the insert terminus increases with increasing distances, the
∼2000 bp maximum size for amplification by conventional
IPCR is a troublesome limitation of this method. Therefore,
as an alternative to conventional IPCR, we have employed
long and accurate PCR (LA-PCR) as a tool to improve the
yield of recovered long IPCR products (See Fig. 1.). LA-PCR,
the combination of thermostable DNA polymerases with
and without proofreading activity and improved buffer and
cycle conditions, overcomes the length limitations of con-
ventional PCR (Ref. 3, 4).
Protocol
1. Total yeast DNA was prepared using standard proce-
dures (Ref. 5).
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2. Restriction digest and ligation. Total genomic DNA
(500 ng) from yeast clones with a desired YAC were di-
gested with EcoRV, ClaI, HindIII (left end circles), SalI,
HindII (right end circles) and AluI (left and right end
circles). After phenol extraction and ethanol precipita-
tion, the fragments were ligated at 16◦C at high dilu-
tion (in 500 µl) to promote circularization overnight.
The DNA was precipitated with ethanol and resus-
pended in 20 µl Tris−EDTA (TE). Aliquots of 2 µl of
this solution were directly used in the following PCR
reactions.
3. We obtained PCR products up to 2 kb in length
with conventional PCR (Fig. 2 lanes 1−5) and up to
4.5 kb with LA-PCR (Fig. 2 lanes 6−10). The amount
of PCR product decreased with the increasing size of
the PCR product using conventional PCR whereas the
amount of LA-IPCR product was independent of the
PCR product size. Products larger than 2000 bp were
not obtained with conventional IPCR. Gel-purified
IPCR products could be sequenced irrespective of their
size, and the sequence data obtained were used to gen-
erate insert-specific primers.
We recommend the use of LA-IPCR to maximize yields of
long IPCR products. With longer IPCR products, the range
of IPCR − which is limited by the chance occurrence of a
suitable restriction site within an amplifiable fragment −
can be extended. We also point out that, in contrast with
existing LA-PCR protocols for genomic DNA (Ref. 6), 20−22
nucleotide primers (instead of 33 nucleotide primers), nor-
mal tubes (instead of thin-wall tubes) and 40 cycles (instead
of 20−25 cycles) can be used for IPCR up to 4.5 kb.
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FIGURE 1. Principle of IPCR with YAC borders.
FIGURE 2. IPCR products with sizes from 0.7 to 4.5 kb. M, marker 1 kb DNA ladder (Gibco BRL).
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Table 1. Comparison of conventional LA-IPCR and LA-IPCR
Conventional IPCR LA-IPCR
Primers (Ref. 5) Left end D71 TCCTGCTCGCTTCGCTACTT
C78 GCGATGCTGTCGGAATGGAC
Right end C69 CTGGGAAGTGAATGGAGACATA
C70 AGGAGTCGCATAAGGGAGAG
Thermostable DNA Taq polymerase Mixture of Taq and Pwo polymerases
polymerases [Expand long template PCR system
(Boehringer Mannheim)]
Reaction buffers 100 µM dNTPs 350 µM dNTPs
10 mM Tris-HCl, pH 8.3 50 mM Tris-HCl, pH 9.2
1.5 mM MgCl2 1.75 mM MgCl2
50 mM KCl 14 mM (NH4)2SO4
Reaction volume 50 µl 50 µl
Thermal cycler 3 min 93◦C denaturation 3 min 93◦C denaturation
programme 1 min 60◦C annealing 1 min 60◦C annealing
During 10 min 72◦C, During 10 min 68◦C,
addition of 1 U Taq addition of 0.7 µl
enzyme Pwo−Taq enzyme
39 cycles with: mix
45 s 93◦C 39 cycles with:
1 min 60◦C 10 s 93◦C
3 min 72◦C 1 min 60◦C
7 min 68◦C
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Products Used
1Kb ladder: 1Kb ladder from Boehringer
Mannheim
1kb ladder: 1kb ladder from Life Technologies
(Gibco BRL)
DNA Ladders: DNA Ladders from Boehringer
Mannheim
Expand long template PCR system: Ex-
pand long template PCR system from Boehringer
Mannheim
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